SUMMARY: A modified basal medium was employed for the assay of nicotinic acid contained in various biological materials. Of the various possible comparisons of test material with standard nicotinic acid in the assay, the 'internal standard' method is preferable ; by assaying the standard nicotinic acid in the presence of the test material, any discrepancies due to substances stimulating or inhibiting the nicotinic acid effect are minimized.
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Of the different extraction procedures tested, treatmen! of samples with N-NaOH and N-H,SO, gave the most satisfactory results; both N-NaOH and N-H,SO, appeared to convert a 'precursor' in potato and bran, into nicotinic acid. 2 N-HCl extracts yielded lower values, but the conversion of the precursor was less effective with potato than with bran, suggesting different precursors in the two vegetable substances.
The results of microbiological and chemical assay were in good agreement. The coefficient of variation of the microbiological results was of the order of 9 yo.
In a previous paper (Kodicek & Pepper, 1948) we examined various factors which may influence the microbiological assay of nicotinic acid, and described a medium allowing a slightly higher acid production than with formerly described media. Within one experiment the agreement between tubes was close with a satisfactorily low standard deviation. Between different experiments, however, the variation for the respective levels was high. This paper deals with the application of the method to extracts of natural foodstuffs, including methods of extraction and the computation of results. 
Microbiological assay of nicotinic acid 307
The pH is adjusted to 6.8, using bromo-thymol blue as external indicator and the volume made up to 100 ml.; this is sufficient for 20 assay tubes.
A suitable quantity of this medium is prepared the day before the experiment and stored overnight a t Ibo. It is advisable to check the pH immediately before the experiment.
Stock solutions. The stock solutions of L-tryptophan, L-cystine, adenine, guanine and uracil, biotin and salt solution A are prepared as described by Barton-Wright (1945) . No toluene or other preservative is added, but all the solutions are stored in the refrigerator a t 4'.
Aneurin solution. Dissolve 100 mg. of aneurin chloride hydrochloride in water, add five drops of conc. HC1 and make up to 100 ml.
Pyridoxin, p-aminobenzoic acid and pantothenate solution. Dissolve 100 mg. each of pyridoxin hydrochloride, p-aminobenzoic acid and calcium d-pantothenate in water, add five drops of conc. HCl and make up to 100 ml. The solution is renewed every two weeks. Add three drops of conc. .HC1 and make up to 250 ml. with water. The solution keeps indefinitely.
Nicotinic acid standard. Prepare a solution containing 1 mg. nicotinic acid in 100 ml. of 20 yo ethanol from a more concentrated solution of 100 mg.1100 ml.
Store in refrigerator and renew every three weeks. On the day of the experiment, it is convenient to prepare two weaker standard solutions for immediate use, containing 0.1 pg./ml. and 0-2 pg./ml.
Preparation of test extracts Either of the two following methods is recommended (see also p. 310).
(1) N-NaOH extraction. Weigh into a beaker a representative sample of the foodstuff to be tested, containing about 30-40pg. nicotinic acid, add 4 ml. 40% NaOH and H20 to 40 ml. Heat on a boiling water-bath for 45 min., agitating periodically. Cool, acidify to pH 6 5 and make up to 100 ml. with
H,O.
Centrifuge if necessary. Take 20 ml. or more of the digested extract and wash with an equal volume of CHCl, in a separating funnel. Wait until separation is complete. Discard the lower CHCl, layer, and centrifuge the watery layer to remove CHC1,; final traces of CHC1, are evaporated off by heating on a waterbath, if necessary under vacuum. Take 10 ml. of the CHC1,-washed extract, adjust to pH 6.8 with NaOH (bromo-thymol blue as external indicator) and make up to 100 ml. with H20. Two levels of the final extract are tested microbiologically, 3 ml. and 5 ml. containing approximately 0-09-0-12 pg. and 0.15-0-2 pg. nicotinic acid, respectively.
Bacteriological procedure Stock culture. Cultures of Lactobacillus arabinosus strain 17-5 are maintained on yeast water glucose agar slopes and subcultured a t three-weekly intervals. After subculture they are incubated for two days at BY0, and then stored a t 4'. Every four months they are tested for purity (see Kodicek & Pepper, 1948) .
A slope subcultured about twice weekly is used for preparation of the inoculum.
Starndardizat{on of the inoculurn. The day before the experiment 20 ml. of the nicotinic acid-free medium are measured into a centrifuge tube (50 ml. capacity), 2pg. of nicotinic acid added, and the volume made up to 40 ml. with distilled water, The tube is plugged and sterilized in the autoclave for 10 min. a t 15 lb. pressure. When cool the medium is inoculated and incubated a t 37' for 24 hr. It is then centrifuged, the supernatant medium decanted with sterile precautions and the bacterial deposit resuspended in about 50 ml. of 0.9 yo sterile saline. The volume of saline usually need not be varied, but the concentration of bacteria per ml. is checked!against Brown's opacity tube no. 1 (approximately 2 x 10Q/ml.). Originally the opacity was checked in a photometer, but the opacity-tube method is sufficiently accurate (the variation is Mix the contents of the tubes thoroughly and plug with non-absorbent bacteriological quality cotton-wool. The tubes are autoclaved for 10 min. a t 15 lb. Using an upright type of autoclave, it is convenient to place the tubes in Petri-dish canisters; this prevents wetting of the plugs and darkening of the medium, probably because of residual air in the canister, which results in lower temperatures. Place in racks and inoculate as soon as they are cool. The tubes are incubated in their racks a t 37" for three days. Daily shaking of the tubes does not appreciably affect acid production, as is the case with L. helveticus, and so is not practised.
Titration. It is most convenient to transfer the contents of each tube in turn to a small conical flask adding bromo-thymol blue as an internal indicator. The contents of the flask are titrated against standard 0.1 N-NaOH delivered from a self-filling burette. Visual comparison gives accurate readings without the use of a comparator-box. In the case of very dark or coloured extracts, the end-point may be doubtful and bromo-thymol blue is then used as an external indicator.
Computation of results. The standard nicotinic acid curve is plotted andvalues fiom extracts are compared to ensure that they lie on the linear part of the dose-response curve between 0.1 and 0.25pg. nicotinic acid per tube. If these conditions are fulfilled, the calculation is carried out. An average is taken from all the tubes a t each level. Using the response of 3 ml. of test extract as base, we compare the increased acid production due to a further 2 ml. of extract with that due to 0.03 and 0006pg. of nicotinic acid added to 3 ml. of test extract, respectively. Let a=ml. of acid produced with 3 ml. extract, b =ml. of acid produced with 5 ml. extract, c = ml. of acid produced with 3 ml. extract + 0~03pg. nicotinic acid, d = ml. of acid produced with 3 ml. extract + 0-06pg. nicotinic acid, then Nicotinic acid, ,ug.lg. or ml. of test material =0-25 x diIution factor
EXPERIMENTAL
The extraction procedure (1946) showed that this 'precursor' possessed biological activity for dogs. Treatment with N-NaOH or N-H,SO, converted it into free nicotinic acid which could be assayed microbiologically. Attempts to isolate this compound, however, were unsuccessful. The precursor was found in cereal products, especially in bran, and in potatoes.
Different chemical treatments were studied to find one which would extract all the nicotinic acid present in the materials and convert 'precursor' into microbiologically active substances. The five following methods were chosen as representative of possible chemical extraction proeedures and were applied to various foodstuffs : Heat the weighed material with 50 ml. of O-lN-HCI on water-bath at 100' for 20 min. Centrifuge and decant supernatant liquid. Resuspend residues in 30 ml. o * l~-H C l and extract for 20 min. on water-bath. Centrifuge and decant supernatant. Wash any remaining residues with 20 ml. 0.1 N-HC~, recentrifuge and add washings to combined supernatants; adjust to 100 ml.
or note volume. Proceed as for extraction (a).
( e ) ~N -H C~ digestion of 0.1 N-HCl extract, water-bath for 2 hr. Take 50 ml. of extract ( d ) in an evaporating dish and add 14 ml. of conc.
HCl(36 yo sp.gr. 1.18) and heat for 2 hr. on boiling water-bath. Cool and adjust the volume to 50 ml. Proceed as for extraction (a). Table 1 shows the microbiological results obtained with various extraction procedures. The alkaline and N-H,SO, extractions gave the highest values, especially with wheat grist, bran and dehydrated potato. This is in agreement with the findings of previous workers and is due to the presence of the precursor of nicotinic acid. Digestion with 2 N-HCl for 2 hr. did not yield as high values as the former extractions, but the results were higher than with a weak HC1 extraction. The potato results are an exceptiop; there the strong and weak HCl extraction gave identical values, a third of the total nicotinic acid content. Wheat flours of lower extraction gave values of the same order irrespective of the method of extraction. Foodstuffs with a low nicotinic acid content showed a greater variation between individual extraction procedures.
R e s z l l t S
Improved results were obtained with egg-powder when this material was washed twice with equal volumes of light petroleum. The ~N -H C~ extraction gave a rather low value for fresh and dried milk, 0.7 and 7.0pg. respectively, but from the few repeats we have done we were unable to decide whether this is a significant difference due to the extraction procedure. Fresh and dried milk, not extracted but merely diluted with distilled water, gave values of 1.0 and 75pg. of nicotinic acid respectively.
The chemical results, so far as they were determined, were in good agreement with microbiological values. The extraction procedures using N-NaOH and N-H,SO,, giving the highest results and agreeing with chemical values, were adopted for the final method. 
Methods of computation compared
The response in acid production of L. arabinoszcs to additions-of nicotinic acid is amenable to different methods of calculation. The original method proposed by Snell & Strong (1989) and adopted. by early workers in this field was to plot a standard reference curve from graded doses of the vitamin and to read off and calculate from this the content of the test materials, This method has been criticized by Wood (1946) and both he and Finney recently have devoted much attention to the design and statistical analysis of microbiological assays and computation of results (Wood & Finney, 1946) .
Wood proposed two methods of computation, as an improvement of the 'direct reading method'. The premises on which these methods are based, are ' ( a ) that the response supposed to be produced by the known amounts of factor X is actually due to the factor itself; and (b) that the response is also due solely to the presence in it of factor X without augmentation, diminution, or modification by any other substance also present.. . .If in any particular assay this hypothesis is not valid, then the results obtained will clearly be inaccurate' (Wood, 1946) . We agree with Wood that the bio-assayist who is determining the amount of some vitamin contained in a foodstuff can never be sure, merely because all previous assays have been satisfactory, that the present one will be, and we considered that assumption ( b ) was not necessarily valid for all tests materials.
We have therefore applied another method of calculation which may to a certain extent correct for any stimulation or inhibition, i.e. the internal standard method. The microbiological assays were performed in such a way as to allow the calculation by four methods; namely, direct reading (Snell & Strong, 1939) ; slope ratio (Wood, 1945) ; common zero five-point assay (Wood, 1946) ; and the internal standard method. In this last method the calculation. is based on acid production of test extracts and nicotinic acid added to the test extract. The standard reference curve is used to ensure that the levels tested are within the steep linear portion of the dose-response curve, thus establishing the fact of maintained acid production and the straight-line relationship.
The results were computed for thirteen samples by the various methods and compared with those of chemical estimation. The difference between the results calculated by the various methods was not statistically significant.
Nevertheless, we finally adopted the ' internal standard ' method, because in each test any unspecific stimulatory or inhibiting substances present might be expected to affect to the same degree the response of the bacteria both to any nicotinic acid present originally in the extract and to the nicotinic acid added to the extract. Table 2 shows the results of an assay of extracts of cocoa and maize. In the standard reference curve additions of 0.03 and 0.06 pg. nicotinic acid above the 0.1 pg. level gave a response of 0.9 and 1.7 ml. of acid, respectively. The same additions to 3 ml. of cocoa extract gave the same response, but to 3 ml. of maize extract, the response found was 1.2 and 2.4 ml. This suggests that calculations from the standard reference curve may be misleading, and-that our method does in fact allow, a t least to some degree, for unspecific effects by substances in the extracts.
Comparison of microbiological and chemical estimates; reproducibility of results
In addition to the comparisons listed in Table 1 , the method finally adopted was used for assays on various other materials and the values obtained compared with chemical results ( Table 3) . The agreement was good. The repro-ducibility of results was tested by repeated assays on yeast and bran ( Table 4) . The coefficient of variation was about 9%. The coefficient of variation for pure nicotinic acid was between 12 and 19 yo (Kodicek & Pepper, 1948) . 
DISCUSSION
The extraction of foodstuffs with either N-NaOH or N-H,SO, was found to be the most suitable. Both extraction procedures gave similar values even in foodstuffs known to contain t h?! precursor of nicotinic acid. These findings could be confirmed by chemical assays. It is interesting that 2 N-HCl digests of bran gave a nicotinic acid value only 66 yo of that obtained in NaOH and in H,SO, extracts. The 2 N-HC~ extraction of potato powder yielded an even lower proportion of the total nicotinic acid content; and extraction with 0.1 N-HCl gave low values for both bran and potato powder. With potato the values were of the same order as those'of the 2 N-HCl extraction, suggesting that 2 N-HC~ treatment did not convert the 'precursor ' as it did in bran. We have no explanation for this finding; possibly the precursor in potatoes is different from that in bran. If the biological activity possessed by the precursor extends to man, then the potato takes its place as an important source of nicotinic acid for, on the assumption of a daily consumption of 200 g. fresh potato, it would provide nearly one half of a man's daily requirements.
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The microbiological results were in good agreement with chemical results.
The variation between replicates, however, was high (9 yo coefficient of variation), and we feel that there is scope for further improvements in the microbiological method. The results by various computation methods were not significantly different. The ' five-point zero ' assay and the ' internal standard ' method are both am.enable to statistical analysis and will detect non-valid assays. We prefer to use the internal standard method because it may reduce the error due to the effect of substances other than nicotinic acid present in the extract, and because of its simplicity of calculation. The computation by the internal standard method is only valid if the addition of nicotinic acid to extracts does not increase the acid production above the workable linear range, and this we can check by the use of the standard reference curve.
